In this work, we calculate the form factors and the coupling constant of the strange-charmed 
I. INTRODUCTION
In the past few decades, the Quantum Chromodynamics Sum Rules (QCDSR) community has been actively working in the calculation of strong coupling constants of a great variety of vertices. Particularly, our group has calculated a large number of charmed vertices as the D * Dπ [1] , D * Dρ [2] , J/ψD * D [3] among many others that were revisited in the review of ref. [4] . Some recent works in QCDSR target vertices with the heavy beauty mesons (B,
s D s is present, thus a more precise knowledge of its coupling constant and form factors may help in the understanding of the fundamental constitution of the Y (4140) meson. Also, it may be useful in the studies of other exotic states as the X(4350) [18] [19] [20] [21] , Y (4274) [22] and the Y (4660) [23, 24] , for example.
In this work, we investigate the J/ψD * s D s vertex within the QCDSR formalism, following the development of our previous work for the J/ψD s D s vertex [9] . This development consists in calculating the form factors from the three point correlation function in two ways: one with quarks and gluons degrees of freedom, the OPE side, and the other with hadronic degrees of freedom, the phenomenological side. After that, a double Borel transform is performed on each side and using the quark-hadron duality principle, we equate both OPE and phenomenological sides. If a window of stability is obtained, the form factor and coupling constant can be extracted.
In the following sects., we present the QCDSR formalism and our results for this calcu-lation.
II. FORMALISM
The starting point to perform the sum rule, is the calculation of the three point correlation function of the vertex. In this case, the J/ψD * s D s is a vector-vector-pseudoscalar (V V P ) vertex. Each meson will be represented by an interpolating current, which contains the quantum numbers of the meson.
We can calculate three correlation functions [4] : one with the vector meson J/ψ off-shell, another with the vector meson D * s off-shell and a third one with the pseudo-scalar meson D s off-shell:
where
µν (x, y) = 0 |T {j
where T is the time ordered product and j According to the QCDSR, these correlation functions can be calculated in two different ways: using hadron degrees of freedom, called the phenomenological side, or using quark degrees of freedom, called the OPE side. In the following subsects., we calculate the correlations functions for the phenomenological and OPE sides, and the sum rule.
A. The phenomenological side
The effective Lagrangian, which represents the process in the J/ψD * s D s vertex, is [25, 26] :
where ε 0123 = +1 is the Levi-Civita totally antisymmetric tensor.
From this Lagrangian, we can obtain the vertices of the hadronic process necessary to the calculation of the phenomenological side of the QCDSR. For the J/ψ, D * s and D s off-shell cases they are, respectively:
In the calculation of the phenomenological side, we also make use of the following hadronic matrix elements:
where P is the pseudo-scalar meson (D s ), V is a vector meson (J/ψ or D * s ), q is the fourmomentum of the respective meson, m 2 P,V is the squared mass of the meson, f P,V are the decay constants, m q 1 and m q 2 are the constituent quarks of meson P and x is the polarization vector, with x = µ(ν) for J/ψ(D * s ). Finally, the correlation functions (2)-(4) of the phenomenological side for each off-shell case read:
where h.r. stands for the contributions of higher resonances and continuum states of each meson and C is defined as:
From eqs. (12)- (14), it is clear that this vertex has only one tensor structure to work within the formalism of the QCDSR.
B. The OPE side
The OPE side is obtained from eqs. (2)- (4) 
where Γ
is the perturbative term and Γ
non-pert(M ) µν
are the non-perturbative contributions to the correlation function. When calculating the form factor, this expansion exhibits a rapid convergence and can be truncated after a few terms [4] . Considering the similarities between the J/ψD * s D s and both J/ψD s D s and J/ψD * D vertices, we expect, from the former, a similar behavior regarding the OPE series as seen in the two latter [3, 9] . Therefore, it
should be adequate to consider non-perturbative contributions up to the mixed quark-gluon condensate:
Calculating eq. (16) 
where the spectral density ρ In general, eq. (18) is the main contributing term of the OPE series in a QCDSR calculation. For a V V P vertex, the spectral density can be parametrized as:
where λ = (u + s − t) 2 − 4us and F (M ) is an invariant amplitude. For the J/ψ and D s off shell, the invariant amplitude can be written as:
,
s (J/ψ) off-shell. The first non-perturbative contribution to the correlation function (16) is the quark condensate showed in fig. 1b :
Figure 1c is the first order mass term for the strange quark condensate contribution to eq. (16), numerically less important and usually negligible in the three point QCDSR:
Full expressions for the gluon condensates ( g 2 G 2 ) of fig. 1d-1i and mixed quark-gluon condensates ( sgσ · Gs ) of fig. 1j-1o for the J/ψ off-shell case can be found in Appendix A.
C. The QCD Sum Rule
Two more steps are necessary in order to calculate the QCDSR to obtain the form factors.
First, we make the change of variables p 2 → −P 2 , p 2 → −P 2 and q 2 → −Q 2 followed by a double Borel transform [27, 28] to both sides of the QCDSR in eqs. (12)- (14) and (16), which involves the transformation:
, where M and M are the Borel masses. After that, we equate the phenomenological and OPE sides, invoking the quark-hadron duality from which the sum rule is obtained.
The second step is to eliminate the h.r. terms from the phenomenological side in eqs. (12) After performing these steps, we obtain the QCDSR expressions for the form factors:
where BB [ ] stands for the double Borel transform and
s off-shell cases, as already mentioned. The constant C is defined in eq. (15) . As in previous works, the definition for the coupling constant g J/ψD * s Ds is given by [29] :
In order to calculate this, it is necessary to extrapolate the results for the form factor to the region of Q 2 < 0. From eqs. (24)- (26) it is clear that we can obtain the coupling constant from three different form factors, one for each meson off-shell. However, the coupling constant must be the same regardless the form factor used for the extrapolation. This condition is used to minimize the uncertainties in the calculation of the coupling constant, which will become quite clear in the following section.
III. RESULTS AND DISCUSSION
Equations (24)- (26) show the three different form factors of the J/ψD * s D s vertex. The numerical calculation of these form factors give results that must be fitted to an analytical function of Q 2 . In order to minimize the uncertainties regarding the fitting procedure, it is required that these three form factors lead to the same coupling constant [29] . This condition also helps to reduce the errors of finding the Borel masses and continuum thresholds necessary to the calculation. is not necessary to use any specific Borel mass value, minimizing the uncertainties associated to the choice of this quantity [9] . The procedure is briefly sketched as follows: the average value of the form factor is calculated in the Borel window for each value of Q 2 used. The standard deviation is then used to automatize the analysis of the stability of the form factor regarding the Borel masses and continuum threshold parameters. This stability criterion then indicates the optimal values of the continuum threshold parameters and the Borel windows we have to work with. Thus, not only is a good stability ensured in the Borel window but also in the whole Q 2 interval, without the need to chose a specific value for the Borel mass.
The continuum threshold parameters, s 0 and u 0 , are defined as s 0 = (m i + ∆ i ) 2 and In table I, we present the Q 2 and Borel windows found for each form factor g
(where M is the meson off-shell), together with its parametrization and the corresponding coupling constant g J/ψD * s Ds . Its associated error σ is calculated using the method that will be explained later in this work. The Borel windows presented in table I (M 2 row) satisfy the already mentioned conditions regarding the pole and continuum contributions, as shown in fig. 3 .
The form factor obtained for the J/ψ off-shell case was well adjusted by a monopolar curve, while for the D * s and D s off-shell cases, the form factors were well adjusted by exponential curves (fig. 4) .
The coupling constants of each off-shell case are shown in table I. They present different values among them, however, when the uncertainties are taken into account, they are all compatible, as suggested by fig. 4 , where the error bars stand for the uncertainties (σ) of the coupling constants also presented in table I.
The uncertainties were calculated following the same procedures used in our previous works [2, 5, 9] . They are estimated by studying the behavior of the coupling constants when each parameter is varied individually between its upper and lower limits. Experimental parameters have their own errors (shown in table II), while for the QCDSR parameters, we varied the thresholds ∆ s and ∆ u in ±0.1 GeV and the Q 2 window in ±20%. For the error due to the Borel mass (M 2 ), we used the standard deviation of the form factor within the Borel window. After that, we calculated the average of all these contributions and their respective standard deviations to obtain the coupling constant and its uncertainty for a given off-shell case. In table II, we can see how the variance of each parameter affects the final value of the coupling constant. Parameter ∆g
f Ds = 257.5 ± 6.1(MeV) [30] 1 According to table II, the variation of most of the parameters (the decay constants, condensates and the Borel mass for example) has a small impact on the value of the coupling constant. On the other hand, the uncertainty in the quark charm mass is the one with the biggest propagation over to the final value of the coupling constant. The fact that the sensitivity related to the Borel mass is small was already expected, as we have very stable
Borel windows ( fig. 2 ).
IV. CONCLUSION
In this work we have calculated the g J/ψD * s Ds coupling constant by three different QCD sum rules: one with the D s meson off-shell, another with the D * s meson off-shell and a third one with the J/ψ meson off-shell. This procedure allowed us to reduce the uncertainties related to the method, leading to compatible coupling constants, as seen in fig. 4 .
Taking the mean value between the numbers presented in table I, we obtain the following final result for g J/ψD * s Ds :
g J/ψD * s Ds = 4.30
This coupling constant was obtained from sum rules that respect the criteria of the pole dominance over the continuum, the perturbative contribution of the OPE being the dominant one and the form factor stability regarding the Borel mass in the whole Borel window, as shown in figs. 2 and 3.
Regarding the form factors, we observe some similarities with our previous work for the J/ψD s D s vertex [9] . Among such similarities, there is the form factor given by a monopolar parametrization when the heaviest meson (J/ψ) is off-shell, while an exponential one is the case when one of the lightest mesons (D s or D * s ) is off-shell. Furthermore, the OPE series presents, in both vertices, the same hierarchy for the contribution of each term, as well as comparable contributions among terms of the same dimension.
We can also compare our result for the g J/ψD * s Ds coupling constant (eq. (28)) with the results of previous QCDSR works, presented in table III.
The comparison with ref. [11] is straightforward, its result differs from ours by ≈ 30%, both being compatible within 2σ. Similar conclusions can be obtained from heavy quark effective theory (HQET) [39] , from where the relation g J/ψD * s Ds = g J/ψDsDs /m Ds stands, which allows us to compare the value of eq. (28) with the result of our previous work [9] .
Using m Ds = 1.968 GeV, we have g J/ψDsDs /m Ds = 3.04 GeV −1 , a different result (≈ 30%) from the g J/ψD * s Ds in this work, but in agreement with the also sizable difference (≈ 23%) found using the relation g J/ψD * D = g J/ψDD /m D in [3] . A third comparison can be made invoking the SU(3) symmetry [39] : g J/ψD * s Ds = g J/ψD * D , from which we can compare the result of eq. (28) with the g J/ψD * D of ref. [3] . From this symmetry, we can see that these two coupling constants are compatible with each other within 1σ, with a difference between them of ≈ 7%. This difference is comparable with the one found using the SU(3) relation g J/ψDsDs = g J/ψDD in ref. [9] .
Finally, we can compare our result with the coupling constant g J/ψDD from the vector meson dominance (VMD) [37, 38] using the SU(3) and HQET relations, which leads to g J/ψD * s Ds = 3.84 GeV −1 . This coupling is also compatible with the one of eq. (28) within 2σ. 
